An efficient catalytic system using an air-and thermally-stable PdCl 2 -C22 complex for the Mizoroki-Heck cross-coupling reaction was developed. The complex has been shown to be a highly active catalyst for coupling reactions of aryl iodides, bromides as well as chlorides with various olefins.
tetrahydrofuran (THF), N-methylpyrrolidone (NMP), dimethylacetamide (DMAc), and dimethyl sulfoxide (DMSO) were also surveyed under similar conditions but compared to N,Ndimethylformamide (DMF), all of them gave inferior results (entries 1-4, Table 1 ). Also, low palladium concentrations gave decreased yields (entries 6 and 7, Table 1 ). An increase in the catalyst concentration (1.1 mol%) did not have any significant effect on the product yield (entry 8, Table 1 ). It was concluded that Et 3 N as base in DMF at 130 °C in the presence of 0.9 mol% of the catalyst is the optimized condition for the coupling reaction, which, after 15 min, gave the product in 97% yield as a trans-stilbene (entry 11, Table 1 ).
After developing the optimized reaction condition, the scope of this methodology was extended to the coupling reaction of activated, non-and deactivated aryl halides with different vinylic substrates (styrene, 4-methoxy styrene, n-butyl acrylate and acrylamide) using DMF/Et 3 N at 130 °C in the presence of 0.9 mol% of the catalyst (Table 2) . 15 Only trans products were selectively obtained in all cases. The results indicated that the PdCl 2 -C22 catalytic system is remarkably active and tolerant of a range of functionalities. As expected, the reaction of iodobenzene, 4-iodotoluene, 4-iodoanisol, 1-iodonaphthalene, and 2-iodothiophene were performed very smoothly within 0.25-2 h giving the desired products in 80-97% isolated yields.
However, the reaction of sterically hindered 2-iodotoluene with styrene gave a diminished yield (entry 6, Table 2 ). Under the same reaction conditions, the coupling reaction of bromobenzene with styrene gave a very poor yield (16 %) after 48 h (entry 11, Table 2 ); therefore, reaction conditions for the cross-coupling between aryl bromides/chlorides and alkenes were in need of tetra-n-butyl ammonium bromide (TBAB, 1 equiv) as an additive. Activated aryl bromides such as 1-bromo-4-nitrobenzene, 4-bromobenzonitrile, and 4-bromobenzaldehyde were rapidly coupled in high yields (entries 14, 15, 18, and 19, Table 2 ). The Mizoroki-Heck cross-coupling reaction of activated aryl chlorides such as 4-chloroacetophenone and 4-chlorobenzonitrile as well as the non-activated electron neutral chlorobenzene with styrene was also investigated under similar reaction conditions (entries 20-22, Table 2 ) using TBAB (1 equiv). However, compared to the bromo analogues, the reactions gave moderate yields and took longer reaction times.
Conclusion
In summary, the PdCl 2 -C22 complex has been introduced as a potential catalyst for
Mizoroki-Heck reaction of aryl halides with terminal olefins under phosphine-free conditions.
This catalyst has the following advantages: thermal stability, facile synthesis, inexpensiveness, easy handling, and catalytic performance in air. Furthermore, cryptand-22 might act as a ligand to stabilize the Pd(0) species in the Mizoroi-Heck reaction. 
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